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technology (LMT) industries. To accomplish this, it explores how the innovation process in LMT ﬁrms may
depend on non-formal R&D activities and the use of external sources. The empirical analysis is based on
a representative panel of Spanish manufacturing ﬁrms. The results strongly support the view that non-
R&D activities such as design, the use of advanced machinery and training are crucial to understanding
the innovation process of any ﬁrm. The study ﬁnds, however, that the impact of these activities is espe-
cially important in LMT industries, particularly for the achievement of product innovations. The empirical
evidence also reveals the importance of external sources such as the use of consultants, the hiring of
personnel, collaboration agreements and external R&D, with the greatest differences between LMT and
high-technology (HT) ﬁrms being observed in process innovations.
1. Introduction
An ability to develop and implement innovations is increas-
ingly important for ﬁrms in all industries to survive in markets
that are ever more global and competitive. Traditionally, however,
there has been more interest in studying the innovative behavior
of so-called high-tech (HT) industries than of low- and medium-
technology (LMT) industries (Hirsch-Kreinsen et al., 2005). This
interest appears disproportionate given that mature LMT indus-
tries still make up the largest part of the manufacturing industries
in OECD countries and that their preponderance is falling at a very
slow rate (Kaloudis et al., 2005). The lack of research interest in
the innovative behavior of LMT ﬁrms may be explained by the
pre-eminence of the linear model of innovation, the conﬁgura-
tionofR&Dstatistics,andmisunderstandingtheinnovationprocess
(Hirsch-Kreinsen et al., 2005, 2006).
Thelinearmodelofinnovationemphasizesthescientiﬁccontent
of technological knowledge applied in ﬁrms. It focuses on formal
R&D as a source of innovation and neglects the vital role played by
other activities and behaviors such as design, training or the use of
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advanced machinery and tools. Innovation in LMT ﬁrms is not usu-
ally based on the latest scientiﬁc or technological knowledge, but
often involves internally experimenting with and adapting tech-
nologies and learning that are not necessarily rooted in formal R&D
components. There is, though, no reason to believe that LMT ﬁrms
are less likely to be able to face the challenge of innovation than
R&D-intensive ﬁrms (Bender and Laestadius, 2005).
The design of standard statistics in innovation has paid great
attention to R&D processes and has made R&D-related variables
and R&D departments the main, almost the only, locus of the inno-
vation process. This has greatly limited research in LMT industries
as many of the activities leading to innovation are not R&D-based.
As a result, although knowledge investments in LMT industries can
be very proﬁtable, this is not revealed by empirical studies that
usually rely exclusively on R&D activities as a measure of inputs
(Bagchi-Sen, 2001; MacPherson and Ziolkowski, 2005). Given that
ﬁrms in LMT industries can take great advantage of other innova-
tiveactivities(HansenandSerin,1997),itisnecessarytodeepenour
understanding of activities not based exclusively on formal R&D.
Lastly, the innovation process is often misunderstood as some-
thing that is not embedded in the whole economic environment of
ﬁrms. The behavior of LMT industries is an important indicator of
the rate of investment in the economy in general. The role of LMT
industries is undeniable as they are not only generators of innova-
tion, but also key users of innovation generated in HT industries.
In fact, LMT industries are often the best customers of HT indus-
tries and the levels of performance of LMT and HT industries are
1heavily interdependent (Robertson and Patel, 2007). This idea of
exchanges of knowledge and the interconnection between indus-
triesandﬁrmsleadsustoconsidertherelevanceofexternalsources
of innovation.
Previous considerations reveal the importance of discovering
and analysing the innovative behavior of LMT ﬁrms. In addition to
carryingoutatheoreticalexplorationoftheimportanceofdifferent
activities and sources of innovation, this article has two empirical
objectives. First, it studies the impact of a wide range of innovative
activities beyond formal R&D on different innovation outputs such
asproductandprocessinnovationsandpatents.Second,itanalyses
the potential effects of different sources of innovation beyond the
boundaries of the ﬁrm on these same innovative outputs.
In this article, we advance our knowledge of the innovation
behavior of LMT ﬁrms via a quantitative analysis of micro-data.
This type of research has scarcely been performed concerning this
issue. Although previous researchers have made an effort to study
the determinants of innovation in LMT industries in greater detail,
it is more common to ﬁnd case studies (see for example, Pedersen,
2005;SchmierlandKöhler,2005)andquantitativemacroeconomic
analyses (Kaloudis et al., 2005; Robertson and Patel, 2007).
To accomplish these tasks our empirical research is based on
the Spanish Ministry of Industry’s Spanish Business Strategies Sur-
vey (SBSS), a source of data that has been used by many other
researchers to study aspects of innovation (Beneito, 2006; Cuervo-
Cazurra and Un, 2007; Huergo, 2006). The SBSS is rich in ﬁrm-level
information, which makes it more useful than standard innovation
databases that capture only a small portion of potential innovation
determinants (de Jong and Vermeulen, 2006). In contrast to these
databases, the SBSS does not limit its focus to innovative ﬁrms and
ﬁrms’ R&D activities, but offers a more extensive picture. This char-
acteristicallowsustogofarbeyondformalR&Dactivitiesasadeter-
minant of innovation in some aspects. First, it makes it possible
to consider other activities inﬂuencing innovation, such as design,
trainingandtheuseofadvancedmachinesandtools.Second,itper-
mits us to analyse several alternatives for internal R&D activities,
such as the use of technological consultants, recruitment of people,
buyingexternalR&D,cooperationwithdifferentagentsandformal-
ization of R&D joint ventures. Moreover, it is possible to analyse the
effects of the degree of competition in product markets, the acces-
sibilityofinputsinfactormarketsonﬁrms’innovationoutputs,and
the characteristics of the markets in which ﬁrms operate.
Section 2 of the paper develops some arguments on the poten-
tial impact of innovation activities beyond formal R&D and on
the importance of sources of innovation beyond ﬁrms’ boundaries.
Section 3 contains descriptions of our data, variables and empir-
ical models, and Section 4 presents our results. The ﬁnal section
includes our conclusions and describes some political and man-
agerial implications.
2. Theoretical framework
2.1. Beyond formal R&D: other innovation activities
Most previous studies have focused on the importance of R&D
activities as the determinant of innovation (Hirsch-Kreinsen et al.,
2005). Innovation, however, is “the search for, and the discov-
ery, experimentation, development, imitation and adoption of new
products, new production processes and new organizational set-
ups” (Dosi, 1988; p. 222). In other words, many activities that lead
to innovation are not R&D-based. As Rosenberg (1982) suggests,
innovation performance is greatly inﬂuenced by the “grubby and
pedestrian”activitiesofﬁrms(e.g.design).Moreover,R&Daccounts
forbarelyaquarterofthetotalexpensesaimedatobtainingproduct
innovations (Kleinknecht et al., 2002).
The consequences of this innovation research bias have been
especially serious for our understanding of innovation determi-
nants in LMT industries, owing to the speciﬁc characteristics of
the innovation process in these industries. LMT innovation is not
usually the result of the latest scientiﬁc or technological knowl-
edge; it is more often based on transforming the general stock
of knowledge into economically useful knowledge (Bender and
Laestadius, 2005). The adoption and adaptation processes, there-
fore, are of fundamental importance. And as Metcalfe (1988) has
suggested, the adaptation of technologies to particular circum-
stances involves internal experimentation, learning, appraisal and
evaluation of technologies that may or may not have a formal
R&D component. In LMT industries, the main platform for inno-
vation processes is not technological knowledge, but creativity and
innovation-enabling capabilities, which are related to the abilities
required to identify and assimilate the potentially relevant knowl-
edgeandtranslateittoﬁtthespeciﬁcconditionsoftheﬁrm(Bender
andLaestadius,2005).Inlinewiththis,Laestadiusetal.(2005)pro-
pose a new system of innovation indicators that, along with the
conventional measures of R&D intensity, includes design, techno-
logical intensity (related to the use of machinery and equipment)
and skill intensity (related to the qualiﬁcations of staff and ongoing
training).
Design is a creative process that can be rational, innovative
or artistic (Laestadius et al., 2005). Design refers to the stages of
detailed development that are necessary to translate the ﬁrst pro-
totypeintoasuccessfullymanufacturedproduct(MarsiliandSalter,
2006). The basic idea of design is to achieve a ﬁt between two enti-
ties: form and context (Bender and Laestadius, 2005). Although
some studies have shown that design activities can have a pos-
itive effect on innovation outputs (Marsili and Salter, 2006) and
export performance (Sterlacchini, 1999), they have not indicated to
what extent they may be essential in LMT industries. Some authors
havenoted,however,thatLMTproductsusuallycompeteondesign,
functionality and quality rather than just on price (Hansen and
Serin, 1997).
Another activity driving innovation outputs is the use of
advanced manufacturing technology. This reﬂects an interactive
learningprocessthathelpsdevelopﬁrms’competences(Sohaletal.,
2006). The beneﬁts gained as a consequence of this process come
from several areas: coping with changes to products and to the
volume of production; better allocating of staff; improved ﬂexibil-
ity;enhancedorganizationalperformance;andreducedproduction
costs(HofmannandOrr,2005).Empiricalanalysisaimedatexplain-
ing innovation output, though, has not typically examined the
importance of using advanced manufacturing technology. Pavitt’s
taxonomy (Pavitt, 1984) reveals that many LMT industries are
supplier-dominated, implying that a lot of their innovation pro-
cesses adapt externally acquired technology and make it function
inanewenvironment(HansenandSerin,1997).Allofwhichpoints
to the use of advanced manufacturing technology being a critical
factor in the innovation process of LMT ﬁrms.
The role of training is also inextricably linked to innovation per-
formance(Warner,1996).Itisakeyactivitytobringstaffknowledge
up to date, thereby increasing the human capital of the ﬁrm and its
absorptive capacity (Cohen and Levinthal, 1990). Training is espe-
ciallyimportantinLMTindustriesbecausemanyemployeesneedto
have knowledge of several disciplines, and therefore require hybrid
qualiﬁcations that are not usually offered by the market (Schmierl
and Köhler, 2005).3 There are, however, very few empirical studies
3 They cite the example of paper makers. Although paper makers do not rely on
practicalskillsasmuchasinthepast,theynowneedmoretechnicalskillsandhybrid
qualiﬁcations (of mechanics, electronics, hydraulics, etc.) to run paper machines. In
2thatresearchtheimpactofongoingtrainingoninnovationoutputs.
A notable exception is the work by Freel (2005), which concludes
that the most innovative ﬁrms train staff more.4
2.2. Beyond ﬁrms’ boundaries: external sources of innovation
As innovation occurs primarily through new combinations of
resources,ideas,andtechnologies,afertileinnovationenvironment
relies on a constant inﬂow of knowledge from other places (Fey
and Birkinshaw, 2005). Most end products embody an increasingly
broad set of technologies that require highly specialized capabil-
ities to develop. The upshot is that ﬁrms can no longer hope to
do everything in-house (Iansiti, 1997). Even the largest innovation-
active organizations cannot rely solely on internal sourcing; they
also require knowledge from beyond their boundaries when devel-
oping innovations (Chesbrough and Crowther, 2006; Rigby and
Zook, 2002). In addition to doing internal R&D, ﬁrms typically
tap knowledge sources external to the ﬁrm through technologi-
cal consultants, R&D outsourcing, cooperative agreements, or the
hiring of qualiﬁed researchers with relevant knowledge (Arora
and Gambardella, 1990; Bessant and Rush, 1995; Cockburn and
Henderson, 1998; Veugelers and Cassiman, 1999).
Rigby and Zook (2002) have argued for the beneﬁts of open-
ing the innovation process to external knowledge ﬂows. Their case
studiesshowthattheabilitytocombineinternalandexternalinfor-
mation inputs is a critical new source of competitive advantage in
some of the fastest growing and most proﬁtable industries. The
suggestion is that external inputs can increase the productivity
of in-house activities (Cassiman and Veugelers, 2006). The role of
external sources – especially alliances – has been shown to be vital
for the achievement of innovation outputs in HT ﬁrms (de Man and
Duysters, 2005; Ku et al., 2007). The need to go beyond internal
R&D activities to look for external sources of innovation, however,
is not limited to ﬁrms in HT industries. Chesbrough and Crowther
(2006) make this point when they suggest that ‘open innovation’
concepts are ﬁnding application in ﬁrms operating outside HT
industries.
A growing number of studies reveal that diffusing knowl-
edge quickly among industries and ﬁrms is a way of achieving
and improving innovation performance (Robertson and Patel,
2007). This diffusion of knowledge is sometimes in the shape
of equipment, but at others may be more intangible, examples
being scientiﬁc discoveries, understanding the state of technol-
ogy, or know-how on adapting technologies developed by others.
An important and indirect source of technological opportunity,
then, is often located outside the industry in question, typically
arriving from a more technology-intensive industry via the utiliza-
tion of new components, machinery and equipment, or materials
(Palmberg, 2004). LMT ﬁrms also frequently use high-tech knowl-
edge in original and informal ways (Garibaldo and Jacobson, 2005).
Their development tasks are characterized by design, product and
process adaptation, and problem solving in collaboration with cus-
tomers (Hansen and Serin, 1997).
At this point, it is important to ask whether the distinct modes
of organization for external sources have a differentiated impact
on ﬁrm innovativeness. Differences exist between the various
contractingmechanisms(suchascontractedR&D,purchaseofcon-
sulting services and hiring of employees), along with hybrid forms
of collaboration (from strong modes of inter-organizational gover-
addition, other new skills such as the operating of computer-controlled machines
are increasingly required (Schmierl and Köhler, 2005).
4 He does not distinguish between LMT and HT industries, and focuses only on
small enterprises.
nance such as joint ventures to weaker modes such as non-equity
alliances).
Contracting mechanisms refer to the acquisitions of knowl-
edge on a market basis (Granstrand et al., 1992; Haour, 1992;
Mangematin and Nesta, 1999; Ulset, 1996), what could be called
‘thebuydecision’.Aﬁrmcanobtainnewtechnologyembodiedinan
assetthatisacquired,suchasnewpersonnel,partsofotherﬁrmsor
equipment. But new technology can also be obtained disembodied,
for example by outsourcing the technology from an R&D contrac-
tor or consulting agency (Veugelers and Cassiman, 1999,p .6 6 ) .
This paper focuses on three of the possible technology acquisition
options: contracted R&D; the purchase of technological consulting
services; and the hiring of personnel.
Although transaction cost theory suggests that the acquisi-
tion of external R&D may substitute for internal R&D investment
(Pisano, 1990; Williamson, 1985), both anecdotal evidence and
rigorous empirical research suggest that in-house R&D and exter-
nal know-how are complementary (Cassiman and Veugelers,
2006; Cockburn and Henderson, 1998). In addition to conduct-
ing internal R&D activities, ﬁrms can reinforce their technological
competences by contracting R&D and other external knowl-
edge, and then communicating, diffusing and assimilating it into
their organizations (Prahalad and Hamel, 1990). Internal R&D,
though, is needed to lead and support the external sourcing effort
(Chatterji, 1996). Cohen and Levinthal (1990) emphasize that inter-
nal R&D capabilities make it possible to absorb external knowledge
effectively.
Technological consultants are another possible source of exter-
nal knowledge (Creplet et al., 2001; Huber, 1991). Smallbone et
al. (1993) point out their relevance for ﬁrms that need to develop
a new product but that are too small to invest in R&D in-house,
especially in mature industries. Consultants often interact with
numerous ﬁrms across a variety of industries and therefore may
transfer tacit knowledge that has been developed through this
ongoing experience of learning, integrating and sharing knowledge
(Bierly and Daly, 2007). Bessant and Rush (1995) also highlight
the role of consultants in the process of technology transfer. In
this way, people are an important conduit of interﬁrm knowledge
transfer (Malecki, 1991). In fact, hiring employees can serve as
a mechanism for the acquisition of externally developed knowl-
edge (Teece, 1982; Winter, 1987). Song et al. (2001) empirically
test this idea and show that learning-by-hiring can be employed
to access and build on external knowledge. Following similar lines
of reasoning, Rao and Drazin (2002) show that human mobility
enables ﬁrms to develop product innovations. Bearing in mind that
LMT industries are largely recipients of technology generated in
HT industries, it seems likely that LMT ﬁrms could take advantage
of technological consultants and hiring skilled and knowledgeable
employees.
Ontheotherhand,thecurrentsurgeincollaborationsisanother
reﬂection of the fact that technological innovations are less and
less the output of an individual ﬁrm’s isolated efforts (Drejer and
Jørgensen, 2006; Fischer and Varga, 2002), which has been par-
ticularly highlighted in HT industries (Park et al., 2002; Stuart,
1998). Several recent studies have shown the positive impact of
technological collaboration on ﬁrms’ technological activities and
performance (e.g. Belderbos et al., 2004; Faems et al., 2005; Hoang
and Rothaermel, 2005; Miotti and Sachwald, 2003; Nieto and
Santamaria, 2007).
Firms have several alternative ways of organizing their alliance
activities (Powell et al., 1996), ranging from technological joint
ventures to close-to-the-market arrangements such as non-equity
alliances. Technological joint ventures are legal entities in which
equity ownership is shared between ﬁrms that pool capabilities in
order to develop innovation activities in common (Oxley, 1997). In
3non-equity alliances, on the other hand, there is no such shared
ownership between ﬁrms; this type of collaboration is character-
ized by a smaller degree of organizational and hierarchical control
thaninjointventures.Thestrongerlinksbetweenpartnersinequity
joint ventures relieve them of the need to completely specify their
rights and obligations and result in better coordination of activities
and greater efﬁciency when responding to unforeseen contingen-
cies (Sampson, 2004, 2007). Equity participation helps protect
the interests of ﬁrms that must make transaction-speciﬁc invest-
ments as it allows them to safeguard the ownership of the results
and reduce the risk of spillovers better than bilateral contracts
would. Non-equity alliances, meanwhile, feature more decentral-
ized decision-making. They make it possible to make faster routine




innovation success. Moreover, the choice of other innovation activ-
ities beyond formal R&D is important for the innovation process
of LMT ﬁrms. Our objective from here on is to analyse these two
dimensions empirically. The inﬂuence of different non-R&D activ-
ities – design, use and adaptation of machinery, and training –
together with that of formal R&D activities on innovation will be
analysed.Thepaperalsoexplorestheroleplayedbydifferentexter-
nal sources of innovation, together with internal R&D activities, on
these innovation outputs.
3. Methodology
3.1. Sample and data
The database used for our empirical analysis is the Spanish Busi-
ness Strategies Survey (SBSS). This is an annual ﬁrm-level panel of
data compiled by the Spanish Ministry of Industry and the Public
Enterprise Foundation; it has been used by many other researchers
to study innovation (Beneito, 2006; Cuervo-Cazurra and Un, 2007;
Huergo, 2006; among others). The SBSS contains an interesting and
wide set of variables on Spanish ﬁrms operating in all manufactur-
ing industries of the classiﬁcation NACE-Rev.1.
Asnoted,theSBSSisnotspeciﬁcallydesignedtoanalysetechno-
logicalactivities.Itdoesnotrestrictitsfocustoinnovativeﬁrmsand
ﬁrms’ R&Dactivities, but offers a more complete picture. These fea-
turesallowustogofarbeyondformalR&Dactivities,byconsidering
other innovation activities, alternative sources to internal R&D, and
somecharacteristicsofproductandfactormarketsasdeterminants
of innovation. In addition, the SBSS offers other advantages over
standard data bases that typically have a very high percentage of
ﬁrms that perform R&D activities, which could give rise to biased
results (Bayona et al., 2001; Cassiman and Veugelers, 2002; Tether,
2002). The fact that the SBSS does not suffer from this sample bias
makes it particularly suitable for capturing the innovative behavior
of ﬁrms in LMT industries.
The sample is representative of the population of Spanish man-
ufacturing ﬁrms. Firms with between 10 and 200 employees are
selected through a random stratiﬁed sample (according to ﬁrm
size and industry classiﬁcation), and ﬁrms with more than 200
are surveyed on a census base (Fari˜ nas and Jaumandreu, 2000;
Huergo, 2006). Although the SBSS has been compiled since 1990,
the 1998 survey was the ﬁrst to provide information on different
innovation activities and external sources of innovation. Conse-
quently, our empirical analysis is based on the balanced sample of
ﬁrmswithinformationavailableforthecompleteperiodfrom1998
to 2002. Our ﬁnal sample contains 6500 observations from 1300
ﬁrms that have remained in the survey during the whole 5-year
period.
3.2. Variables and measures
3.2.1. Dependent variables: innovation outputs
The dependent variables are relative to ﬁrm innovation per-
formance in a speciﬁc period t. In order to capture the different
innovation outputs, along with the distinct levels of complexity,
three separate measures were used: product innovation, process
innovation and the propensity to patent.
Product innovation was assumed to have taken place when the
ﬁrm declared it had introduced completely new products or prod-
ucts with important modiﬁcations, products with new functions
resulting from innovation, or had made changes to the design,
presentation,materialsorcompositionoftheproduct.Productinno-
vationisadichotomousvariablethattakesavalue=1whenproduct
innovation has occurred; otherwise 0.
Process innovation was assumed to have happened when the
ﬁrm indicated it had introduced some signiﬁcant modiﬁcation in
the production process. This modiﬁcation may involve the intro-
duction of new machines or new methods of organization, or the
introduction of both. Process innovation is also a dichotomous vari-
able.
Lastly, propensity to patent is an effective way of capturing the
achievement of more signiﬁcant and complex innovations. In fact,
the requirements to register a patent are usually more stringent
than for other innovations (Beneito, 2006). Patent is a dichotomous
variablethattakesavalue=1whentheﬁrmstatedithadregistered
at least one patent; otherwise its value is 0.
3.2.2. Independent variables related to innovation activities
The ﬁrst objective of this paper is to understand the role of
other innovation activities beyond formal R&D in LMT industries.
To do this, a wide selection of potential inputs to ﬁrms’ inno-
vation processes was considered. Thus, along with the decision
to perform formal R&D (internal and/or external), the activi-
ties of design, use of advanced manufacturing technology and
training were included. The decisions to perform and/or con-
tract each of these activities were measured via dichotomous
variables. To avoid problems of simultaneity with the innovation
generation process, all these innovation activities were lagged one
period.
Formal R&D captures the decision to perform formal expen-
ditures on R&D activities (in-house and/or contracted). It is a
dichotomous variable.
Apart from formal measures of R&D activities, the database
includes qualitative data on other innovation activities. It was pos-
sible to construct, therefore, dichotomous variables that measure:
• the use of machinery and advanced technology such as auto-
matic machines, robots, CAD/CAM, or some combination of these
procedures (Use of AMT);
• the performance and/or contracting of design activities (Design);
and
• the performance and/or contracting of training activities (Train-
ing).
3.2.3. Independent variables related to sources of innovation
Thesecondobjectiveofthispaperistoanalysetheimportanceof
different sources of innovation beyond internal ones in LMT ﬁrms.
Along with the decision to perform internal R&D, the fact that the
innovation process of ﬁrms may beneﬁt from external knowledge
ﬂows was taken into account. Thus, decisions to turn to market
mechanisms (such as external R&D, technological consultants or
the hiring of qualiﬁed researchers), as well as decisions to use
hybrid forms of collaboration (non-equity alliances and joint ven-
tures) were analysed. As was the case with innovation activities,
4thedifferentsourcesofinnovationweremeasuredviadichotomous
variables that were lagged one period.
Internal R&D captures the decision to perform internal R&D
activities, as a dichotomous variable.
The database also includes data on the external sources that
a ﬁrm accessed through contracting or market mechanisms. This
enables us to identify if a ﬁrm:
• decided to contract R&D external activities (External R&D);
• turned to a technological consultant (Consultant); and
• hadrecentlyhiredengineers,personnelwithbusinessexperience
in R&D and/or personnel with experience in public systems R&D
(Hiring personnel).
Adistinctionbetweentheuseoftwohybridmechanismstogain
access to external sources of innovation was also made:
• technological collaborations formalized as legal entities in which
equity ownership is shared between ﬁrms that pool their capa-
bilities (Joint Venture); and
• technological collaborations where there is no shared equity
ownershipbetweenﬁrms,withasmallerdegreeoforganizational
control and greater ﬂexibility (Non-equity alliance).
3.2.4. Environmental factors
In addition to the sub-division between LMT and HT industries,
we believe that environmental factors are highly important when
it comes to understanding the relationship between technological
choices and innovation outputs. Indeed, previous studies (Cohen,
1995; Kamien and Schwartz, 1982) have pointed out that demand
and market conditions are critical factors in explaining innova-
tion performance. To measure these conditions, different variables
relatedtoproductandfactormarketcharacteristicswereemployed.
One of the market characteristics analysed was concentration of
competitors (Competitors). The concentration of competitors deter-
mines the dynamism of the market the ﬁrm is operating in and the
consequent greater or lesser need to undertake innovation activ-
ities (Schumpeter, 1942). It is measured as the percentage of the
market that is controlled by the four largest competitors (Kumar
and Saqib, 1996). Product and factor market characteristics were
alsoincludedbyconsideringclientandsupplierpressures(Cuervo-
Cazurra and Un, 2007). Client pressure is measured in terms of the
concentrationofclients;thisiscalculatedasthepercentageofsales
totheﬁrm’sthreelargestclients(Clientpressure).Similarly,supplier
pressure is measured in terms of concentration of suppliers, in this
case calculated as the percentage of total purchases from the three
main suppliers (Supplier pressure). Lastly, we follow Huergo (2006)
inincludingavariabletomeasuregrowthofmarketdemand.Thisis
a dichotomous variable that takes a value=1 when the ﬁrm stated
that its main market was expanding (Expansion).
3.2.5. Firm-speciﬁc characteristics
Controls for ﬁrm-speciﬁc characteristics such as size, age and
diversiﬁcation were included. A classical control such as size is
measured as the natural logarithm of the number of employees
(Size). The age of the ﬁrm (Age) is a variable commonly used to
measure ﬁrm experience and learning in empirical studies of inno-
vation (Kumar and Saqib, 1996). It is measured as the number of
years since a ﬁrm was founded. Lastly, in line with Henderson and
Cockburn (1996) and Helfat (1997), we consider that a diversiﬁed
ﬁrm is better prepared to develop new technological capabilities
and re-use them in new activities (i.e. process innovations). Diver-
siﬁcation (Diversiﬁcation) was controlled for with a dichotomous
variable that takes a value=1 if the ﬁrm’s main product represents



































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































5The descriptive statistics and correlations of the independent
and control variables are reported in Table 1.
3.3. Method of analysis
Given the binary character of the dependent variables and the
panel structure of the data, the speciﬁcation has been estimated
assuming a random effects probit model. Two types of models
were estimated for each of the three innovation outputs proposed
(product innovation, process innovation and patent). The ﬁrst type,
which controlled for market characteristics and ﬁrm speciﬁcities,
analysed the impact of different innovation activities beyond for-
malR&Doninnovationoutputs(Table3).Thesecondtype,withthe
same controls, was used to explore the inﬂuence of distinct exter-
nal sources beyond internal R&D on these same innovation outputs
(Table 4).
The above models were estimated separately for LMT and HT
industries in order to attempt to understand the determinants
of innovation outputs for LMT industries and to extract some
speciﬁcities for HT industries.5 The OECD’s (2005) classiﬁcation of
manufacturing industries based on technology was used to form
two groups: LMT and HT. LMT includes ﬁrms in low-technology
industries (textiles, food products, tobacco, wood, paper prod-
ucts, among others) and in medium–low technology industries
(rubber and plastic products, coke, reﬁned petroleum products,
other non-metallic mineral products, basic metals, among oth-
ers). HT includes ﬁrms in high-technology industries (aircraft and
spacecraft, pharmaceuticals, ofﬁce machinery, radio, TV and com-
puting machinery, medical, precision and optical instruments)
and medium–high technology industries (electrical machinery,
motor vehicles, chemicals excluding pharmaceuticals, railroad
and transport equipment, machinery and equipment, among
others).
4. Empirical results
4.1. A descriptive analysis of innovation behavior
In order to offer an overview of the innovation behavior of ﬁrms
inLMTandHTindustries,Table2summarizesthemeandifferences
about innovation outputs, activities and sources of innovation.
A preliminary consideration of the results indicates that the
percentage of ﬁrms performing innovation activities is higher in
HT than in LMT industries. As would be expected, this ﬁnding
holds true for the three measures of innovation output: product
innovation, process innovation and propensity to patent. On
average, the innovation activities performed in the HT and LMT
industries also differ. While all of the differences are statistically
signiﬁcant, the most obvious and predictable is in formal R&D
activities. Analysing the mean differences relative to sources of
innovation gives us a clear picture of innovation in LMT ﬁrms. As
can be observed, the mean percentage of LMT ﬁrms that turn to
internal or external sources of innovation is always signiﬁcantly
lower than that of HT ﬁrms.
These ﬁndings simply corroborate what was expected in terms
ofthelowerlikelihoodofLMTﬁrmstoperforminnovationactivities
andachieveinnovationoutputs,andthefactthattheylooktofewer
sources of innovation. Our objective, however, goes beyond this
basic comparison. We also intend to explore the potential impact
5 The issue of comparing coefﬁcients across groups when using logit or probit
models is a controversial question. However, if the model is estimated separately for
each group, it is possible – at a minimum – to compare the statistical signiﬁcance of
coefﬁcients across groups (Hoetker, 2007).
Table 2
Innovative behavior in LMT and HT industries.
LMT HT Differencea
Innovation outputs
Product innovation 20.69 34.11 −13.41***
Process innovation 32.05 41.77 −9.71***
Patent 5.19 10.88 −5.68***
Innovation activities
Formal R&D 28.62 58.38 −29.76***
Use of AMT 57.86 74.58 −16.72***
Training 35.53 54.65 −19.12***
Design 25.59 37.08 −11.49***
Sources of innovation
Internal R&D 24.08 53.38 −29.30***
Joint venture 2.37 10.16 −7.7***
Non-equity alliance 21.68 49.32 −27.55***
Consultant 20.19 28.59 −8.39***
Hiring personnel 21.68 49.32 −27.64***
External R&D 17.11 38.59 −21.47***
a Student’s t-test on the difference between means.
*** Denote samples that are signiﬁcantly different at the 0.01 level.
of different activities and sources of innovation on the innovation
outputs of LMT and HT ﬁrms.
4.2. Impact of innovation activities in LMT industries
The models displayed in Table 3 examine the impact of different




of a ﬁrm’s innovating grows with an increase in that independent
variable, while holding the other independent variables constant.
Theestimationswereperformedforthetwosub-samples:LMTand
HT ﬁrms. In addition to innovation activities, we controlled for ﬁrm
speciﬁcities and market characteristics for each estimation.
This analysis makes it possible to analyse the importance of
other activities beyond formal R&D for the achievement of inno-
vation outputs in LMT ﬁrms. Together with formal R&D activities,
the activities of design (Design) and training (Training), and the
use of advanced machinery (Use of AMT) stand out as critical fac-
tors in the generation of product and process innovations in LMT
ﬁrms. Propensity to patent, however, is only explained by for-
mal R&D activities and design activities. These ﬁndings reveal the
great importance that design and training activities and the use of
advanced machinery have for the innovation process in LMT ﬁrms.
In HT ﬁrms, formal R&D activities occupy center stage in the
innovation process (regardless of the output indicator analysed).
Only design activities (together with advanced machinery for pro-
cess innovations) appear as a signiﬁcant complementary factor to
R&D activities. This indicates, however, that even in HT ﬁrms other
activities beyond formal R&D are important for the achievement of
innovation outputs.
For ﬁrm speciﬁcities, the highly signiﬁcant and positive effect of
ﬁrmsize(Size)onallmeasuresofinnovationoutputsisasexpected.
Age (Age) has a signiﬁcant and negative impact on the achieve-
ment of process innovations in LMT ﬁrms; this may have to do with
the organizational inertia that grows with time. This ﬁnding seems
to square with previous research on manufacturing ﬁrms (Huergo
and Jamandreu, 2004; Huergo, 2006), though these studies did not
focus on the distinction between LMT and HT ﬁrms. Lastly, diver-
siﬁcation (Diversiﬁcation) exercises a signiﬁcant and positive effect
on the generation of process innovations in both LMT and HT ﬁrms.
This result is in line with the view that it may be easier for a diver-
6Table 3
Marginal effects from probit analysis: innovation activities.
Product innovation Process innovation Patent
LMT HT LMT HT LMT HT
Innovation activities
Use of AMT 0.0328*** (2.68) 0.0812 (1.59) 0.1277*** (5.29) 0.1071* (1.76) 0.0003 (0.33) 0.0061 (1.35)
Training 0.0256** (1.97) −0.0178 (−0.41) 0.0449* (1.74) 0.0446 (0.89) 0.0002 (0.23) −0.0009 (−0.27)
Design 0.0893*** (4.07) 0.0848* (1.89) 0.1193*** (3.85) 0.1728*** (3.35) 0.0069** (2.08) 0.0050 (1.05)
Formal R&D 0.1133*** (4.44) 0.2050*** (4.59) 0.0857*** (2.78) 0.1589*** (2.88) 0.0028* (1.74) 0.0112* (1.82)
Firm speciﬁcities
Size 0.0186*** (3.13) 0.0426** (2.26) 0.0677*** (5.45) 0.1131*** (4.81) 0.0004 (1.01) 0.0059** (2.22)
Age −0.0003 (−0.97) −0.0015 (−1.27) −0.0019*** (−2.79) −0.0022 (−1.57) 0.00001 (0.54) −0.00003 (−0.08)
Diversiﬁcation 0.0174 (1.04) 0.0799 (1.57) 0.1533*** (4.12) 0.1048* (1.76) −0.0003 (−0.41) −0.0037 (−0.88)
Market characteristics
Client pressure −0.0009*** (−3.56) −0.0018** (−2.15) 0.0004 (0.97) 0.0008 (0.78) −0.00002 (−1.26) −0.0001* (−1.68)
Supplier pressure −0.0005* (−1.90) −0.0037*** (−3.41) 0.0002 (0.42) −0.0001 (−0.11) −0.00002 (−1.18) −0.00005 (−0.51)
Expansion 0.0141 (1.20) −0.0403 (−1.02) 0.0996*** (3.87) 0.1937*** (3.97) 0.0011 (1.05) −0.0001 (−0.04)
Competitors 0.0003* (1.69) 0.0013* (1.67) 0.0013*** (2.80) −0.0010 (−1.07) 0.00001 (0.37) 0.0001 (1.36)
Number of observations 4580 1920 4580 1920 4580 1920
Wald test of full model:  2 232.83*** 89.97*** 239.79*** 97.21*** 52.20*** 37.85***
Log pseudo-likelihood −1043.40 −595.41 −1456.56 −624.04 −440.42 −293.91
Estimated marginal effects from probit analyses (computed at the mean values of the independent variables) are shown. t-Values are in parentheses. Wald test and log
pseudo-likelihood from probit models are reported. Year dummies are included in the models.
* p<0. 1 0.
** p<0.05.
*** p<0.01.
siﬁed ﬁrm to develop and adapt new technologies to improve its
activities and processes (Helfat, 1997; Henderson and Cockburn,
1996).
Severalinterestingﬁndingsemergeregardingmarketcharacter-
istics. Environmental factors are found to be extremely important
whenitcomestoexplainingproductandprocessinnovations,espe-
cially in LMT ﬁrms. Growth of demand (Expansion) and pressure
from main competitors (Competitors) exert a signiﬁcant and posi-
tive effect on the achievement of innovation outputs, particularly
on process innovations. Pressure from main clients (Client pressure)
and suppliers (Supplier pressure), however, clearly hinder the gen-
eration of product innovations in both LMT and HT ﬁrms. These
results can be interpreted as a sign of rigidity in the innovation
capacity of ﬁrms that are highly dependent on a small number of
clients and/or suppliers.
4.3. Sources of innovation in LMT industries
The models displayed in Table 4 examine the role that different
sources of innovation play in the achievement of the three innova-
Table 4
Marginal effects from probit analysis: sources of innovation.
Product innovation Process innovation Patent
LMT HT LMT HT LMT HT
Sources of innovation
Internal R&D 0.1017*** (3.93) 0.2142*** (4.40) 0.1059*** (3.01) 0.0296 (0.50) 0.0046* (1.77) 0.0158** (2.13)
Joint Venture −0.0180 (−0.90) 0.0046 (0.08) 0.0506 (0.69) 0.0772 (1.10) 0.0143* (1.75) 0.0147* (1.78)
Non-equity alliance 0.0618*** (2.96) 0.1427*** (2.95) 0.0065 (0.21) 0.0975* (1.69) 0.0010 (0.63) −0.0010 (−0.24)
Consultant 0.0234* (1.68) 0.0556 (1.38) 0.1241*** (4.07) 0.0787* (1.78) −0.0003 (−0.30) 0.0006 (0.22)
Hiring personnel 0.0020 (0.17) −0.0110 (−0.29) 0.0420* (1.72) 0.0581 (1.32) 0.0005 (0.45) 0.0002 (0.09)
External R&D 0.0050 (0.34) −0.0218 (−0.54) 0.0647* (1.87) 0.0622 (1.25) 0.0014 (0.82) 0.0118* (1.81)
Firm speciﬁcities
Size 0.0244*** (3.99) 0.0410** (2.33) 0.0656*** (5.44) 0.1148*** (5.32) 0.0006 (1.19) 0.0031* (1.87)
Age −0.0001 (−0.51) −0.0008 (−0.74) −0.0017*** (−2.59) −0.0017 (−1.28) 0.00001 (0.18) 0.00001 (0.06)
Diversiﬁcation 0.0173 (1.05) 0.0604 (1.33) 0.1311*** (3.77) 0.0848 (1.67) −0.0013 (−1.18) −0.0015 (−0.47)
Market characteristics
Client pressure −0.0008*** (−3.50) −0.0003 (−0.39) 0.0003 (0.81) 0.0008 (0.96) −0.00004* (−1.69) −0.00009 (−1.31)
Supplier pressure −0.0005** (−2.06) −0.0023** (−2.41) 0.00004 (0.08) −0.0007 (−0.69) −0.00005* (−1.71) 0.00003 (0.42)
Expansion 0.0150 (1.33) −0.0129 (−0.39) 0.0915*** (3.96) 0.1619*** (3.90) 0.0007 (0.65) 0.0028 (0.88)
Competitors 0.0005** (2.35) 0.0011* (1.71) 0.0012*** (2.87) −0.0003 (−0.40) 0.00002 (0.87) 0.00007 (1.21)
Number of observations 4580 1920 4580 1920 4580 1920
Wald test of full model:  2 255.87*** 119.33*** 258.13*** 122.56*** 58.24*** 68.05***
Log pseudo-likelihood −1314.75 −739.42 −1802.74 −800.07 −564.85 −351.51
Estimated marginal effects from probit analyses (computed at the mean values of the independent variables) are shown. t-Values are in parentheses. Wald test and log
pseudo-likelihood from probit models are reported. Year dummies are included in the models.
* p<0. 1 0.
** p<0.05.
*** p<0.01.
7tion outputs previously analysed. The reported coefﬁcients are also
the estimated marginal effects from our probit models. Our objec-
tive is to measure how market mechanisms and hybrid forms of
collaboration, along with internal R&D activities, each contribute
to the innovation process of LMT ﬁrms. As before, to do this the
estimations were performed for the two sub-samples: LMT and HT
ﬁrms. Once again, ﬁrm speciﬁcities and market characteristics for
each estimation were controlled for.
The estimations uncover two interesting ﬁndings on the role
exercised by sources of innovation. First, in-house R&D is shown to
behighlyimportantforalltypesofinnovationoutputinLMTandHT
industries. Second, there are clear differences between the impor-
tance of the various external sources depending on the measure of
performance and the type of industry analysed.
Hiring technical consultants (Consultant) is seen to be very rel-
evant for the achievement of product and process innovations in
LMT ﬁrms. For HT ﬁrms, however, this is only signiﬁcant for the
achievement of process innovations. Hiring specialized personnel
(Hiring personnel) is signiﬁcant for the generation of process inno-
vations in LMT ﬁrms, but is irrelevant in HT ﬁrms. Contracting R&D
(External R&D) exerts a signiﬁcant and positive impact on process
innovations in LMT ﬁrms, while in HT ﬁrms it is important for the
production of patents.
Great differences in the effect of hybrid forms of collaboration
between LMT and HT ﬁrms are not observed. Interesting interpre-
tations, however, can be extracted on the differential impact they
have on the various measures of innovation outputs. Non-equity
allianceshaveaverymarkedinﬂuenceontheachievementofprod-
uct innovations, while joint ventures are critical for the production
of patents. This last ﬁnding is highly important as it demonstrates
how the greater control and coordination offered by joint ventures
is an advantage for achieving more complex innovations where the
risk of spillovers must be controlled.
Lastly,theresultsofthecontrolsonﬁrmspeciﬁcitiesandmarket
characteristics are very similar to those observed in the models
analysing the impact of innovation activities. We interpret this as a
sign of the robustness of the models.
5. Discussion and conclusions
The literature on innovation and technological change has over-
stated the role of R&D activities as innovation determinants, and
this has resulted in disproportionate importance being attributed
to a small number of relatively research-intensive industries. The
pre-eminenceofthelinearmodelofinnovationalongwiththecon-
ﬁguration of R&D statistics may explain the misunderstanding of
the innovation process in LMT industries (Hirsch-Kreinsen et al.,
2005,2006).Themainobjectiveofthispaper,then,istodeepenour
understanding of the innovation behavior and performance of LMT
ﬁrms. To achieve this goal, this study has performed an empirical
analysis of how different activities beyond formal R&D and differ-
ent sources of innovation beyond ﬁrms’ boundaries impact on a
selection of indicators of innovation outputs.
Our results reveal some key aspects that help bridge the cogni-
tive gap between the innovation process in LMT and HT industries.
In particular, our empirical evidence strongly supports the view
thatnon-R&Dactivitiesarecrucialtounderstandingtheinnovation
process of any ﬁrm. The impact of these activities beyond formal
R&D is especially important in LMT industries, particularly for the
achievement of product innovations. Speciﬁcally, this study has
shown that design, the use of advanced machinery and training
are decisive factors for innovation outputs.
Above all others, design emerges as a pivotal problem-solving
activity that is a critical driver of innovation in LMT ﬁrms. It is deci-
siveforalloftheindicatorsofoutputanalysed.Thisisnotsurprising
given that design covers many activities ranging from ergonomics,
easeofmanufacture,efﬁcientuseofmaterialsanduserfriendliness
to the frequent incorporation of innovative technologies, compo-
nentsormaterials.AsWalsh(1996)pointsout,designplaysahighly
integrative role among inventions, markets and production pro-
cesses.
The use of advanced machinery is also seen to be important in
LMTindustriesforbothproductandprocessinnovations.Newtech-
nologies create new opportunities for LMT industries to enhance
their innovation and economic performance (von Tunzelmann
and Acha, 2005). In line with this, we observe that LMT ﬁrms
that take advantage of these opportunities are more innovative.
Laestadius (2005) provides one plausible explanation for this by
stating that the adoption and use of advanced machinery make
the old competences obsolete and help to develop new ones,
thereby opening the ﬁrm to new possibilities. In fact, in LMT indus-
tries the learning process is commonly performed in practical and
pragmatic ways by doing and using (von Tunzelmann and Acha,
2005).
Our results for training activities indicate that they are also a
key factor for the achievement of innovations in LMT industries.
SomeauthorsarguethatLMTindustriesincreasinglyrequirehybrid
qualiﬁcations that are not provided by the market and need to be
fulﬁlled by training (Schmierl and Köhler, 2005). In addition, the
need for training is by no means limited to R&D staff (Leiponen,
2005).
We also observe some interesting features when different
sources of innovation are considered. Although internal R&D
emerges as a fundamental source of innovation, our empirical
evidence conﬁrms the importance of other sources based on exter-
nal contracting and collaboration, as the previous literature has
pointed out (Arora and Gambardella, 1990; Fey and Birkinshaw,
2005; Veugelers and Cassiman, 1999; among many others). The
greatest differences between LMT and HT ﬁrms are observed in the
context of process innovations. The use of consultants, the hiring
of personnel and external R&D are particularly signiﬁcant external
sourcesofinnovationinLMTindustries.Inthecaseofproductinno-
vations, consultants are a signiﬁcant factor for LMT ﬁrms, but not
for HT ﬁrms.
Focusing on the collaboration-based alternatives, our results
reveal that non-equity alliances – characterized by more decen-
tralized decision-making – are important for LMT and HT ﬁrms,
especially for product innovations. They have no impact, however,
when more coordination and control is required, as is the case with
patents. Joint ventures, meanwhile, are more effective when the
ﬁrm is looking to achieve patentable results. These ﬁndings sup-
port Sampson’s (2007) arguments that joint ventures produce a
stronger link and greater coordination between partners.
We are able to conclude, then, that LMT ﬁrms have alternative
innovation sources beyond internal R&D that may be highly use-
ful for achieving different innovation outputs. The key question for
the ﬁrm to answer, depending on the output sought, is whether
to go for a market-based (e.g. external R&D or consultants) or an
organization-based arrangement (e.g. non-equity alliances or joint
ventures).
Our analysis also allows us to conclude that innovation out-
puts in LMT industries are highly dependent on product and factor
market conditions. In LMT industries, the economic opportuni-
ties can be just as important as the technological opportunities
(von Tunzelmann and Acha, 2005). One of the results observed is
that being in a growing market induces process innovations. In
addition, we observe that access to a limited number of clients
and suppliers clearly limits a ﬁrm’s outlook and has a negative
effect on innovation outputs. As a ﬁrm’s knowledge base and
technological capabilities are by deﬁnition limited, this ﬁnding
8may be interpreted as evidence that limiting a ﬁrm’s outlook
affects the penetration of technologies and innovation behavior
(Smith, 2000).
The empirical analysis clearly shows that innovation can and
does take place in industries and ﬁrms with relatively low or
even no R&D. If innovation is understood in the broadest sense as
“the processes by which ﬁrms master and get into practice prod-
uct designs and manufacturing processes that are new to them,
whether or not they are new to the universe, or even to the nation”
(Nelson and Rosenberg, 1993, p. 4), then it is clear that many ﬁrms
without formal R&D are innovative. As we have shown, R&D is only
one of the innovation determinants. Innovation also depends on
otheractivitiesandsources,alongwithenvironmentalandmarket-
related factors. We consider, therefore, that studies of innovation
have been overly concerned with the role of R&D activities, while
oneofthemainrequirementstounderstandtheinnovationprocess
is to take a holistic view of the ﬁrm.
ItiscertainlytruethatR&Disawayofgeneratinghighlyrelevant
conditions for inputs into innovation processes. In fact, analysing
the determinants of innovation outputs with a greater scientiﬁc
component (i.e. patents) reveals that R&D activities are critical.
But it is also evident that innovation is by no means always based
on scientiﬁc research (Dosi, 1988; Gibbons et al., 1994). For this
reason we follow von Tunzelmann and Acha (2005) in believing
that policy has been too focused on purported gaps in HT indus-
tries.Thishasdistractedtheattentionofpolicy-makers(andalsoof
academics) from making greater efforts to foster and sustain devel-
opment in LMT industries, which some countries might ﬁnd more
viable.
The more visible nature of radical innovations has been largely
responsible for shifting policy-making in favor of HT industries.
Most ﬁrms, however, do not make radical innovations (only very
few ﬁrms make them and they are clustered in certain indus-
tries), but all can and should make incremental innovations and
adopt new products and processes ﬁrst made by others (Freeman,
1994).Furthermore,theeconomicimportanceofincrementalinno-
vation is extremely high despite being understated in the literature
(Walsh, 1996). Products and processes are usually changed con-
siderably during the diffusion and adoption process and gains in
productivity are very high in this stage.
From the point of view of innovation policy, the recommen-
dations are straightforward: Innovation policy should not be so
biased to formal and internal R&D activities. It should recognize
the great importance for innovation of other related activities and
sources,especiallyinLMTindustries.AsrecognizedbyMoweryand
Rosenberg (1989), improving the adoption and commercialization
of new technologies requires initiatives that go well beyond the
boundaries of conventionally deﬁned science and technology pol-
icy.Teubal(1997)statesthatinnovationpolicyshouldbehorizontal,
oriented to all industries in the economy, and that there should
be a framework to facilitate innovation activities by ﬁrms. Such a
policyshouldactasacatalyst,stimulatingﬁrmstolearnhowtoper-
form technological activities and working to diffuse new routines,
especially in search and learning processes.
This study leads naturally to further research. Once the impor-
tance of other innovation activities beyond formal R&D has been
shown, the next step will be to explore in depth the innovation
process of ﬁrms that do not perform R&D activities. This would
allow us to cast even more light on the capabilities and innovation
outputs of LMT industries.
Lastly, it is important to note the generalizability of these ﬁnd-
ings. Although our data are limited to Spain, previous studies have
highlighted why this is a good country for study and pointed
out some interesting characteristics of LMT industries (Álvarez
and Molero, 2005). Apart from representing a large percentage
of the manufacturing industries, Spanish LMTs have a long track
record of improvement and display above average technological
performance (Robertson and Patel, 2007), thus enabling them to
beneﬁt enormously from the diffusion of knowledge and infor-
mation inputs from other ﬁrms and industries. These results may
be generalizable to other European countries whose ﬁrms have
similar patterns of technological behavior to those of Spanish
ﬁrms.
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